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Test equipment was fabricated and fatigue crack 
propagation data were obtained for aluminum alloy 7075-T6 
mga fOr thermomechanically processed A1-10.2 Wt Pct Mg-0.52 
Pemeect Mn, and Al-6.14 Wt Pet Mg-0.40 Wt Pet Cu alloys. 

The crack growth data and fractograpnic information obtained 
fer the 7075-T6 alloy were consistant with data in the 
literature. The manganese containing alloy was solution 
treated for nine and twenty-five nour periods. Observed was 
a decrease in the fatigue crack growth resistance for the 
longer solutioning time, which appears to be due to the 
formation and coarsening of Mn Aly Pree pI TAves Whieno tail Go 
dissolve in solution treatment during thermomechanical 
meocessing, The copper containing alloy exhibited better 
meack growth resistance than the 7075-T6 alloy. This alloy 
has a more diffuse cell structure, relatively little 
precipitated MgoAlg, and no constituent particles associated 


With cell or grain boundaries. 
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We Sele BL e OG Ale 


Pee PREMARY PURPOSE 

In recent years there has been an increasing emphasis on 
Meeaicting the crack growth behavior in structural engineering 
materials. This is an outgrowth of the requirement that 
comprehensive crack growth data be obtained and interpreted 
Beeuratvely prior to structural design and manufacture. The 
memneary purpose of this effort 1s to investigate the effects 
of thermomechanical processing and alloy content on 
aluminum magnesium alloys with eight and ten weight percent 
Maenesium and additional alloying elements. Another purpose 
moetvo provide useful fatigue crack growth information, as 
well as a reliable method to obtain such data. 

This study extends the knowledge obtained from the 
emer CrLorts Of Shirah {Rer. 1} and utilizes Johnson's 
feet. 2} and Cadwell'’s {Ref. 3} standardized thermomechanical 
process as a basis to process material for measurement of 
(oemtaticue crack growth rates of Al1-10.2 wt pet Mg-0.52 
feeeect Mn and Al-8.14 wt pet Me-0.40 wt pet Cu alloys. 

There are many methods used to measure crack growth in 
material specimens. All have distinct advantages and 
disadvantages with respect to accuracy, cost, and convenience 
of use. Fatigue crack growth measurements were accomplished 


using the optical method as outlined in Reference 4. The 





moatrcal method is the methodwer recording by an optical 
Gevice the length of a crack breaking through the surface 
of a test specimen. This method is inexpensive and easy to 
mittaace but very tedious. The method requires that a 
reliable operator take readings for the duration of the 
test. Tests can last for up to ten hours depending on the 


sample tested. 


pee = BSACKGROUND 

The alloys processed in this report have nigher magnesium 
content than the 5XXX series aluminum-magnesium alloys 
Sucrenctliy in use. These are considered wrought alloys and 
derive their strength through intermediate temperature 
thermomechanical processing. Conventional wrought 5XXX 
alloys contain up to six percent Mg and are low to medium 
meeeneth alloys, possessing good corrosion resistance, 
mauiegue resistance, ducility and Pemcehormee Their strength, 
Mowever, is considerably lower than the high strength alloys 
Sieune (/AXX type. The strength of such 5XXX alloys can be 
matsed by adding more magnesium. By using conventional 
processing practices, however, numerous problems can arise, 
miemiaing increased stress corrosion susceptibility and 
Meericulties in cold working {Ref. 5}. A major reason for 
fees 1S that upon quenching of the alloy, magnesium segregates 
GO the grain boundaries or slip bands and the alloy behaves 


ied manner similar to sensitized stainless steel, with 


1 





decreased resistance to stress corrosion cracking. Therefore 
the 5XXX series alloys are generally limited to less than 
five weight percent magnesium. 

In the processing method employed here {Ref. 2}, 
Magnesium is precipitated during warm working. Warm working 
temperatures for purposes of this work are those from 200°C 
Moeeo the solvus for Me in the alloy. Under such working 
conditions, some Mg precipitation occurs but the precipitates 
are caused to be uniformly dispersed by the working rather 
than concentrated in grain boundaries and on slip bands. 
Strengthening results from development of dislocation 
structures during working, with magnesium still in solution, 
and some contribution due to the dispersed Mg-containing 


precipitates. 


Th 





II. EXPERIMENTAL PROCEDURES 


A. EQUIPMENT FABRICATION 

The clevis assembly was designed to pull a two-pin 
tensile specimen as outlined in Reference 4. Due to 
premature failure of the test specimen in the pin region, 
the test specimens had to be redesigned. This also required 
a clevis design different from that required in Reference 4. 
The material selected for the clevis assembly was 4140 steel. 


The heat treatment procedure was in accordance with Reference 6. 


—- Se eee a as a — = cami jeemmmisseammmma —s ee ee es > —— a a es 








austentize at 871°C for one Hour; BOmmG ened Eand-temper at 


i ne ee lt SE ee —_—— —a ee 
——_e ———— ae ee ee 


482°C for one hour. Both pleces were wrapped in nickel foil 
with titanium chips added to act as an oxygen getter. The 
clevis assembly was designed initially in accordance with 
Reference 8, but premature failure of the sample in the 
clevis region required re-design of the assembly as shown 
maeeaeure 2.1. The pins that were initially used in the 
clevis assembly were replaced with stainless steel bolts. 
By using the bolts in the clevis assembly it was possible 
to increase the normal force on the specimen surface, which 
distributed the load more uniformly, and the problem with 
premature failure at the clevis region was solved with no 
distortion of the bolt holes in the specimen during the 


fatigue test. 
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An alignment device was designed and fabricated to assure 
accurate alignment of the testing machine and specimen 
axis (Figure 2.2). The reference bar was held in place by 
two brackets which were machined from aluminum. Use of 
aluminum prevented damage to the load frame assembly when 
the alignment fixture was tightly secured (Figure 2.3). 
Both ends and the center of the reference bar were machined 
flat so that when the assembly was rigidly mounted all 
surfaces remained square. The center of the reference bar 
maeecalibrated in 3.175 mm (0.125 in) increments to facilitate 
the alignment procedure. A dial indicator was nounted on 
the bar and positioned so that full movement of the load cell 
could be measured. The load cell was moved horizontally to 
f/m tery and right deflections in the crosshead and the 
readings were taken from the dial indicator. These readings 
were then added together and their sum halved to give the 
mean load cell position in the crosshead. This procedure 
was repeated several more times to verify the load cell was 
eempleteiy centered. To further verify the results of the 
dial indicator readings a machinist square was positioned on 
the center of the reference bar and a set of measurements 
was taken. This procedure insured that the material 


testing machine load cell was accurately aligned. 


B. MATERIAL PROCESSING 
The alloys selected for this study were 7075-T6 alloy 


fevained from Kaiser Aluminum Co. in sheets with a thickness 


o 





oeiee, mm (0,050 in) and two experimental alloys. The 
latter were obtained as direct chill cast ingots 127 mm 
(5 in) in diameter by 1060 mm (4 in) in length, produced 
by Alcoa Center for Technology, Pittsburgh, Penn. The 


as-received compositions of alloys are listed below in 


Table I. 
Tea oes 
Ta Dwe RO re oy CoOmoos. FLons 
Serial Sa Fe Cu Me dee Be Mn 
pe 300 C73 One} ORNS. tera JO] OF 0 Oeee 
pe 203 Or OR Ora Sree 0.04 C002 0.00 


The as-received ingots were sectioned into billets 
Go.mm (3.75 in) long by 32 mm (1.25 in) square cross-section 
for subsequent thermomechanical processing (Figure 2.4). 

Two different thermomechanical processes were employed 
mere tne Al-10.2 wt pet Mg-.052 wt pet Mn alloy. One process 
used a 9 hour solution treatment followed by hot upset 
TOrcging and water quench, and the other, a 25 hour solution 
treatment followed by forging and quenching as before. 

In the first method the billets were solution treated 
for 5 hours at 440°C and then 4 hours at 480°C. The billets 
were then isothermally upset forged from an initial height 
emeoo mm (3.75 in) to a final maximum height of 32 mm 
mimee> in) to provide for hot work and break wp the dendritic, 


me Cast microstructure. After forging, the billets 


awe 





received an additional one hour solution treatment at 

eG to insure subsequent quenching was from a completely 
Solution treated condition. The billets were then quenched 
to room temperature, with water as the quenching medium. 

In the second method, the billets were solution treated for 
21 hours at 480°C, isothermally forged at 440°C, and given 

an additional one hour solution treatment at 440°C. Again, 
Meeeor was used as the quenchine medium. The copper containing 
alloy was solution treated for 4 hours at PG ee isothermally 
Forged at Lede with an additional one hour of annealing 

at oC, followed by a water quench. The final dimensions 
at the conclusion of the forging process were the same as 
Sumltned for the previous alloy. 

The forged billets were further deformed by the warm 
rolling procedure reported by Johnson {Ref. 2}. A warm 
rolling temperature of 300°C was selected to facilitate 
comparison with the data of Johnson {Ref. 2} and Cadwell 
fooee SO}. the warm rolling was accomplished by first 
heating the billets to the rolling temperature. This 
required that the billets be placed in a preheated furnace 
[iemecen Minutes prior to the first pass through the rolling 
fim. olnce the mill rolls were not heated, consideration 
had to be given to the temperature loss which would occur 
during each rolling pass. To compensate for this temperature 
drop the billets were reheated for an average of seven 


Minutes between passes. To maintain the straightness of the 
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billet, a four-pass sequence was utilized as outlined by 
Johnson {Ref. 2}, (Figure 2.5). The final thickness was 
3.6 mm (0.140 in) in all cases, and an as-rolled sample is 
shown in Figure 2.6. 

Following rolling, the billets (Figure 2.7) were 
machined in accordance with Reference 4. Premature 
cracking in the area of the pinhole of the sample was 
noted in crack growth measurements and this required a 
design modification (Figure 2.8). The final design for the 
@eeek initiator notch was chosen after several crack 
growth measurements were performed using the 7075-T6 alloy 
fMeeuwematerial. This consisted of drilling a 4.98 mm (0.196 in) 
hole in the center of the specimen and then making a saw 
€u—% out from both sides of the hole. The sawcuts were 
required to be accurate to ensure that they were square 
fiepoeechne sample ends. this ensured that the load distribution 
was symmetrical with respect to the svecimen notch. The 
details of the crack initiator notch geometry are shown in 
Pigure 2.9; also of note is the 30 degree crack angle at 


fmnOoucn tip, also shown in Figure 2.9. 
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FIGURE 2.1 .DIAGRAM OF CLEVIS ASSEMBLY FABRICATED FROM 
A140 STEEL 
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FIGURE THE ALIGNMENT BAR 
SIDE OF THE LOAD FRAME ASSEMBLY CONSTRUCT&£D OF ALUM 


AND SUPPORTING STEEL ALIGNMENT BAR 
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Figure 2.4 DIAGRAM SHOWING THE SECTIONING OF THr 
AS-CAST INGOT TO OBTAIN BILLETS FOR THERMO- 
MECHANICAL PROCESSING. 
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Figure 2.6 AN AS-ROLLED SAMPLE OF A1-10.2 Wt PCT Mg- 
0.52 Wt PCT Mn ALLOY; SAMPL& WIDTH IS APPROXIMATELY 
THRes INCHES. 
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Peeure 2.5 REDESIGN OF MACHINED SPECIMEN. THR 
SMALLER HOLES WERE SUBSTITUTED FOR LARGER PIN- 
HOLES IN ORIGINAL DESIGN. 
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freure 2.9 SCHEMATIC DIAGRAM OF THER FINAL DESIGN OF THE 
CENTER-CRACK TENSION TEST SPECIMEN USED FOR FATIGUE 
CRACK GROWTH MBASUREMENT. 
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Tit. FATIGUE CRACK GROWTH MEASUREMENT 


A. MEASUREMENT TECHNIQUE 

All fatigue crack growth measurements reported here were 
made using an MTS Model 810 servo-hydraulic testing machine. 
To conduct a test, the load cell was aligned using the 
fixture described previously. The specimen was then 
installed in the machine using the clevis assembly. In 
some cases, the specimens were not flat; however, the fifty 
Meumd preload applied prior to testing corrected the curvature 
and this was checked using an engineer's square. 

A haversine waveform was selected from the digital 
function generator of the MTS machine. This, with the 
fifty pound pre-load ensured that a tensile load was applied 
to the specimen at all times. Fatigue crack length 
measurements were made as a function oF elapsed cycles by 
means of an optical device shown in Figure 3.2. This was 
used following the procedures as outlined in Reference 
fee ine device consists of a Bausch and Lomb 22.7 mn, 
6X telescope in conjunction with a Nikon 86 mm zoom lens. 
me surface of the specimen was sprayed with steel blue 
layout fluid to make the crack more visible. Reference 
marks were applied in -381 mm (0.015 in) divisions from the 
notch tip to the edge of the sample. By using a stationary 


Optical device and reference marks as opposed to a 


i) 
Ct) 





mmovelane Microscope as outlined in literature, potential 
errors due to accidental movement of the traveling 
microscope were eliminated {Ref. 7}. 

Crack length measurements were made at intervals such 
that the crack growth rate was determined at equal incre- 
Mem@es in the Stress intensity range, AK. AK was 


@emeulated using the following expression: 





7 AP 7 ce ne 
AK = 7 De sec ——5— 
Where the terms are defined as follows: 
a ~ Pnax ~Pmin 
« = 2a 
le = thickness 
W = faree ls. 
a = pre-crack length 


Data reduction was accomplished using the two Fortran 
programs shown in Appendices A,B. The analysis technique 
involved was the modified secant method. Data reduction 
was done in two steps. First, the raw data was taken from 
Wm@enopulcal device and the test machine cycle counter 
ommeemvercad I1nNLO Lhe Interactive Fatigue 1 program. After 
the entries in Fatigue 1 were checked, an input file was 
automatically generated and loaded into the Fatigue 2 
program. Second, the Fatigue 2 program was then used to 
generate the final output data and associated graphs of 


feydn vs. AK. 





B, TENSILE TESTING 

Tension testing was accomplished using samples machined 
to non-standard form necessitated by the limited material 
availability. The testing was accomplished utilizing an 
Instron model 1TT-D floor model testing machine with a 
crosshead speed of 5 mm (0.2 in) per minute. Load elongation 


data were autographically recorded. 


Cpe MELTALLOGRAPHY 

All sample mounting for metallographic examination was 
done using room temperature epoxy resin compounds, and 
all cutting was done by wet cutting methods. Polishing of 
the specimens involved wet sanding with 240, 300, 400 and 
600 grit paper with further polishing using a magnesium 
Serdem vecomet) slurry. This slurry was put on a polishing 
wheel (Automet) and distilled water was applied while the 
polishing was done. The etchant used was Barker's reagent 
as outlined in Reference 8. All photomicrographs were 


taken using a Zeiss optical microscope. 
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A. MATERIAL PROCESSING 

The thermomechanical material processing scheme 
developed by Johnson {Ref. 2} and modified by Cadwell 
meet. 3} was followed closely to facilitate comparison 
with previous work. No major difficulties were encountered 
mumporocessing the Al-10.2 wt pet Mg-0.52 wt pet Mn alloy. 
It was found however, that severe cracking did occur on some 
Omepene Al-S.14 wt pet Mg-O.42 wt pet Gu alloy billets. 
The cracking was layered in appearance and appeared to 
be intergranular. Cadwell {Ref. 3} had also reported 
weiece Dehayior. By reducing the rolling reduction to 
G@e>oes mm (0.020 in) per-pass the problem was eliminated. 
Meams this modified rolling procedure a sufficient amount 
of material was processed for the number of fatigue 


specimens required. 


Bee as oULTING TENSILE PROPERTIES 

The results of the tension testing generally agreed 
with the results reported by Cadwell {Ref. 3} and Shirah 
fees |}. The ulvimate tensile strength of the Al-10.2 
wt pet Mg-0.52 wt pet Mn alloy, solution treated for nine 
hours, was 67 ksi (462 MPa). This was slightly lower than 


the 70 ksi (487 MPa) value obtained by Shirah {Ref. 1} 


34, 





pita cadwell {Ret. 3). The Al=10.2 wt pet Mg-0.52 wt pet 

Mn alloy solution treated for twenty-five hours showed an 
ultimate tensile strength of 63 ksi (434 MPa) which was 
also lower than results reported earlier. The Al-8.14 

wt pet Mg-0.40 wt pet Cu alloy had an ultimate tensile 
strength of 60 ksi (414 MPa), again slightly lower than the 
65 ksi (448 MPa) reported earlier. It is not known why 
results obtained here are generally three to five ksi below 
Mmaeee reported previously {Refs. 1,3} but it should be 
noted again that nonstandard test geometries were used here, 
whereas ASTM standard geometry samples were employed in the 


m@eevtous work. 


See fATIGUE CRACK PROPAGATION 7075-T6 ALLOY 

mine 7O75-16 alloy was chosen for initial testing due to 
the availability of well documented data for comparison 
mmemyvalidation of test procedures, and also the local 
availability of the material in large quantities. The 
Seoe« growlLh data obtained for this material as shown in 
nope 4.1, Ak and follows closely the data reported in 
Reference 9. 

ie weaning swe tectron Microscopy 

Fatigue crack surfaces were examined by scanning 

electron Microscopy (SEM). Fractograph locations for all 
SEM work are shown in Figure 4.2 and fractographs of the 
7075-T6 alloy are shown in Figure 4.3. Observed in the 


meacbLographs are small "dimples", microvoids and crack 


oS. 











Paes, [he appearance of the crack surface follows very 
closely that described in Reference 10 for 7075-T6 and 
indicates that a uniaxial load was applied to ane test 
specimen. The voids observed were probably nucleated by 
iron and silicon-rich second phase particles present in 
mieealloy. it has been proposed by Reference 9 that the 
Maeaence of these compounds in the alloy causes a reduction 


momeracture toughness. 


D. FATIGUE CRACK PROPAGATION MANGANESE CONTAINING ALLOY 

The crack propagation data obtained for the nine hour 
pememton treated Al-10.2 wt pet Mg-0.52 wt pet Mn alloy 
(Figure 4.4) shows it to be less fatigue crack growth 
resistant than the 7075-T6 alloy. The alloys appear to have 
pumuler threshold values of AK, about 7.5 ksi Vin, below 
meen the crack growth rate decreases rapidly. The twenty- 
ime our solution treated A1-10.2 wt pet Mg-0.52 wt pct 
famecalloy shows an even further degradation in the fatigue 
Peack crowth resistance compared to that of the nine hour 
solution treated alloy as shown in Figure 4.5. 

1. Scanning Electron Microscopy (SEM) 

scanning electron microscopy was conducted on both 

the nine- and twenty-five hour solution treated alloys and 
the results are shown in Figures 4.6 and 4.7. The fracture 


surfaces appear similar, with the twenty-five hour solution 


36 





treated alloy showing somewhat greater toughness than the 
nine hour solution treated alloy. The predominant feature 
Seine tractographs of both alloys are small, shallow, 
closely-spaced dimples. The shallowness of the dimples 
feoeects little tendency for void growth, and is indicative 
of a low ductility alloy. Also, there appear to be some 
precipitate particles, three to four microns in size, on 
imme surface. 

The large population of small micro-voids suggest 
Many nucleation sites for such voids and little opportunity 
fmemeunem to grow. This would lead to a small plastic 
zone and a ready crack growth mechanism. The appearance 
Of these micro-voids over the entire fracture surface 
mimeates that the cracking process occured by local tensile 
overload at the crack tip, and crack growth was by the 
@mereation.and link-up of the small micro-voids in the 
Eimemeture. lIhis is reflected in the ready crack growth 
exhibited by these alloys and low apparent fracture 
toughness. 

Pe lroensmission Blectron Microscopy 

Transmission electron microscopy (TEM) examination 
@umeemese alloys 1s being conducted concurrently in this 
ieeeratuory, but is not part of this work. Reference 11 
indicates that the microstructure Sawmiiocmnt— 1062 wt DCL 
Mg-0.52 wt pet Mn alloy consists of elongated grains with 


a fine subgrain structure. The subgrain boundaries 
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appear to be associated with fine Mn Aly precipitates 
iemevouO.> Microns @n size, and to a lesser extent with 
relatively large "beta" (Mg. Al.) particles. If comparisons 
are made between the material solution treated for twenty- 
ines nours and solution treated for nine hours, the 
Mn Al, particles are more numerous and larger in the material 
feet on treabed for the longer period of time. This 
would suggest that they are not dissolved during solution 
treatment as previously thought (based on optical microscopy). 
Rather, the Mn Al, ioerMselupbe and Oreclpltates in 
increasing amounts during solutioning of the magnesium. 
The solid solution is supersaturated with manganese given 
the relatively rapid cooling rates that are associated with 
the direct chill casting method employed in the manufacture 
ermmese ingots, thus allowing the Mn to precipitate. The 
amount of "beta" precipitated in subsequent warm rolling is 
about the same for both alloys. Thus, it would appear that 
the Mn Ale piase Wand, 1bs Coarsenime 1S responsible for the 
Meamerton of the fatigue crack resistance of the Al-10.2 
femmes Me-0.52 wt pet Mn alloy. 
Pom Jptacal) Microscopy 

Optical micrographs of the nine hour and twenty-five 
hour solution treated alloys are shown in Figures 4.8 and 
4.9 respectively. The relative locations of the micrographs 
Peaierespect Fo the Crack surface are shown in Figure 4.10. 


There is little difference in the micrographs between the two 
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materials although the twenty-five hour solution treated 
euiloy does show slightly more precipitation than the nine 
fem Ssoluvion treated alley, In neither alloy is there any 
iecrcablon Of 4@ grain structure, however, there is 
eonsiderably more precipitation than in the copper containing 


alloy discussed later. 


foe rATLGUR CRACK PROPAGATION IN THE COPPER CONTAINING ALLOY 
Fatigue crack growth data for the Al1-8.14 wt pet Mg-0.40 
Momepey Cu alloy are presented in Figure 4.11. The data 
for this alloy indicates a higher threshold stress intensity 
Weei0 ksi Yin) for fatigue crack growth than either the 
Meyo-"6 or A1-10.2 wt pet Mg-0.52 wt pet Mn alloys. At 
Meier Stress intensity values, crack growth rates for this 
alloy are much reduced in comparison to the manganese 
containing alloy and are also lower than those measured for 
mime 7075-T6 in this research. Crack growth rates were 
measured at A values up to 30 ksi Yin, where the growth 
rate measured was approximately Agee a) Gaerne jig auras 
Mmeeueoe ys 2 higher degree of toughness in this alloy. It 
must also be noted, however, that this is the lowest 
strength material of the three different compositions 
evaluated in this research and is certainly a factor in the 
meeer apparent Loughness of this alloy. At this point, the 
appropriate strength toughness data has not been obtained to 
Muerte iovave comparison of these alloys amongst themselves or 


with conventional alloys. 


Be 





fw ocanmanie Electron Nit ecroscouy 


Scanning electron microscopy (SEM) investigation of 
this alloy was conducted and the results appear in figure 
4.12. The fatigue crack surface is similar in general 
appearance to that of the 7075-T6 alloy. There are, however, 
two important differences. First, the A1-8.14 wt pet Mg-0.40 
wt pet Gu alloy exhibits sharply defined ridges parallel 
with the direction of crack growth and second, there do not 
appear to be any large dimples in this alloy. The ridges 
Semrespond to grain boundaries and suggest that the crack 
meemt tends to split such that the crack does not remain 
planar. 

Pe Opuical Microscopy 

The optical micrographs (Figure 4.13) indicate the 
presence of flattened elongated grains. fThe tendency of the 
emeek FLO split onto different planes would retard crack 
Eeowten but the elongated grain structure would suggest that 
this enhancement in crack growth resistance would not be 
isotropic. The dimples on the 7075-T6 fracture surfaces are 
probably the result of voids nucleation at large constituent 
Particles associated with the Fe and Si present in this alloy. 
Mijemee and o1 content in this alloy is much lower than that 
of 7075-T6 and hence the constituent particles are not 


Beesenb to be associated with such void formation. 
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3. Transmission Electron Microscopy 


Transmission electron microscopy (TEM) {Ref. 12} 
of this alloy has indicated a considerable difference 
exists between this alloy and the manganese-containing 
alloy. In the as-rolled condition, this copper containing 
alloy exhibits elongated grains with a diffuse distorted 
cell structure and a lesser extent of beta precipitation. 
(me beta precipitation has occurred principally in the grain 
boundaries, and there does appear to be some additional 
particles not associated with the dislocation cell structure; 
these latter are perhaps particles of a copper-containing 
phase. The fine, shallow dimples noted on the fracture surface 
of the manganese containing alloy were suggested to be 
associated with the presence of a manganese containing 
meepersoid. The absence of such a dispersoid in this 
Sepper containing alloy and the absence of such fine microvoid 
mememeatplOon would tend to confirm this conclusion. However, 
miemwanmount of beta precipitation also differs and it would 
be necessary to control both the presence of the beta and 
the additional dispersoids to obtain unambiguous data on 
the importance of the various precipitated phases in these 


alloys. 
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FATIGUE CRACK PROPAGATION SEHAVIOR 7075-16 
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POGURE 4.1 FATIGUE CRACK PROPAGATION DATA FOR 7075-T6 
ALLOY 
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FIGURE 4.2 A SCHEMATIC SHOWING SCANNING ELECTRON MICROGRAPH 
LOCATIONS ON THE FATIGUE CRACK SURFACE FOR THE 7075-T6 
AND THE MANGAN&S&, AND COPPER CONTAINING ALLOYS 
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FRACTOGRAPH OF THE FATIGUE CRACK GROWTH SLO tsaVe, 
FOR THE 7075-T6 ALLOY 
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FATIGUE CRACK PROPAGATION BEHAVIOR 300A 
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MecuRE 4.4 FATIGUE CRACK PROPAGATION DATA FOR THE Al-10.2 
WT PCT Mg-0.52 WT PCT Mn ALLOY SOLUTION TREATED FOR NINE HOURS 
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FATIGUE CRACK PROPAGATION BEHAVIOR 300A 
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PemeURH 4.5 FATIGUE CRACK PROPAGATION DATA FOR THE Al-10.2 
i POM O. oe elt Olen AELOY SOLUTION TRRATED 
FOR TWENTY-FIVE HOURS. 
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FIGURE 4.6 SCANNING ELECTRON FRACTOGRAPH FOR THE NINE HOUR 
SOLUTION TREATED A1-10.2 WT PCT Mg-0.52 WT PCT Mn ALLOY 
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PeeeURE 4.7 SCANNING ELECTRON FRACTOGRAPH FOR THE TWENTY-FIVs 
HOUR SOLUTION TREATED A1-10.2 WT PCT Mg-0.52 WT PCT Mn ALLOY 
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HEGURE 4.3 OPTICAL MICROGRAPH FOR THE NINE 
TREATED Al1-10.2 WT PCT Mg-0.52 WT PCT 
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oun 4.9 OPTICAL MICROGRAPH FOR THE TWENTY-FIV# HOUR 
Pomu TON TREATED Al=70l2 Wl PCT Me-0.52 WT PCT Mn ALLOY 
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Poeewni 4.40 OPTICAL MICROGRAPH LOCATIONS FOR THE 9 AND 
25 HOUR SOLUTION TREATED Mn CONTAINING ALLOYS, AND 


Cu CONTAINING ALLOYS. 
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FATIGUE CRACK PROPAGATION BEHAVIOR 303A 
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FIGURE 4.11 PACU CRACK GROWTH DATA FOR Al-8.14 WI PCT 
Mg-0.40 WT PCT Cu ALLOY. 
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FIGURE 4.12 SCANNING ELECTRON FRACTOGRAPH 
WT PCT Mg-0.40 WI PCT Cu ALLO 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

1. Crack growth measurements can be made in these alloys 
using equipment available. 

2. Data aquisition/analysis methods used need to be 
improved to reduce scatter. 

3. The crack growth characteristics determined for 
7075-T6 are consistent with previous studies. 

Be. Al=-10.2 wt pet Meg-0.52 wt pct Mn is a high strength 
mieey Dut exhibits poor crack growth characteristics. This 
can be attributed to the Mn Aly phase present in the alloy. 
The more Mn Al, formed and/or the coarser it is, the poorer 
the crack growth behavior. 

pe plme Al-8.14 wt pet Mze-0O.40 wt pet Cu alloy exhibits 
a relatively high threshold Ak and generally better crack 
growth resistance than the 7075-T6. The alloy has a 
Geeemice c6éll structure, relatively little precipitated 
miemaond no constituent particles associated with cell or 
grain boundaries. All of these factors may contribute to 


this enhanced crack growth resistance. 


B. RECOMMENDATIONS 
1. Extend these measurements to consider binary Al-Mg 


alloys, to eliminate third element effects. 


D5 





Pe COntUcCt tUrtner  preccscings Studies to control the 
amount and type of phases precipitated to evaluate the 
effects of these phases on crack growth. 

3. Develop strength-toughness and strength-crack 
growth data to correlate with data available for existing 


alloys. 
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APPENDIX A 


FORTRAN PROGRAM FATIGUE 1 


FATIGUE1 FORTRAN AT NAVAL POSTGRADUATE SCrIOOL 
23 FES 83-2 » 


THIS PROGRAM [5S DESIGNED TO PROVIDE ONE STEP DATA PROCESSING 
WHEN CONDUCTING RESBARCH IN THE AREA OF FATIGUE CRACK GROWTH RATE : 
THIS PROGRAM PROVIDES INPUT FOR FATIGUE2 FORTRAN :- 


=NOTES [IF YOU WANT A PLOT USE FATIGUE2 PROGRAM 
P - LOAD (L3S) 
AUM(1) - INITIAL CRACK LENGTH (IN) 
N -~- NUMBER OF CYCLES 
AR -—- CRACK LEONGT4 RIGHT 
AL - CRACK LENGTH CEFT 
DELTA K = K 
DA/SON —~ INCHES/SCYCLE 
WwW -~ WIDTH 


2 =- THICHNESS 


INTEGER DATE SAMPLE 

QJIMeNSTION AMC 313900) -D9K( 1000) -DADN(1000).N( 1000) -AM2(1000) 
N(1) = O 

PI= 3.14159 


B= 0.9835 

w= 124795 

eS a ea 0) 

FURMAT(SX eT INPUT DATES YReMOe.DAe »e SAMPLE NUMBER, ALLOY® ) 
Read( Ses) DATE -e-SAMOLE .ALLOY 

ARI TE (7, 7) DATE. SAMPLE, ALLOY 

VRITE(52691} DATE+ SAMPLE -ALLOY 

FORMAT( SX e*OATE el Ge SX*SAYPLE NUMGER*.152+5X%-*ALLOV*® -F7e2 os 
wRITE(S-100) 

FUR"AAT(SGX.*® [NPUT MAX LOAD? (L8BS)*-«3xXe*MIN LCCADZ (LBS) * 3X 
=e *INI TIAL CRACK LENGTH (IN)*) 

RPEAI( Set )AMAX»PMINSAM( 1) 

MRI TE(C 7. =) PMAX, PMIN, AML) 

WRITE (5-2 1LOL)PMAX .PMIN AME 1) 

FORAATC LX ee *AAX LBADS*® oF 7eVe® LAS* elKeo* MIN LOADS*® -F7e-2e* LBS*® e2Xe 
~*EINIT CRACK LENGTH .F6Oe5e* [NCH® 47) 

WRITE(S-110) 

FORMAT (aXe INPUT CRATK GROYWT4 RIGHT. CRACK GROWTH LEFT. #¥ DOF CYCLE 
=S5°) 

pees a ra 111) 

FOV4AT(35X."ENTER ~100.0.0 TO EXIT®) 

WRITE (601122) 

FORMAT(SX.*DELTA K (PSI /SSORTCIN) ) © e1SGX-.*DASON (IN/STYCLE)*.77) 
D2 = PMAX -~- PMIN 

DO 200 [{=2.219000 

RAEAD( De FZ )AR FAL ONCT 

ARITE(7et) ARe ALe NOT) 

IFC ARLE O2-100) GO FTO 250 

AM](T)=( (ARAL) 732.0) tAMCOT) 

AM( 1) = aAMe2( I) 7 2.0 

OKO Lf) =(0P73) =SART((CPLSAM( IT) ) 70 (we22.0)4COS( PIS(AM( I )7w)))) 
DAIN( LT) SCAMS CL) A-~AM20T H-1))SOCFLOATON( 1) )-FLOATCN( I -1))) 

TF( DAGVNC T-1)-CLT29.90) CAODN(L-1)=-1*0ADN( [-1) 

WRI T= (Ge120)0K( 1 )e¢DOADN( 1) 

FOYMAT(CLOXeF IL 2e3e 23 Ke E13 eS eZ) 

CONTINUES 

wRITE( 7.260) : 

FORMAT( I Xs*-100 e] 0* .4) 

STIP 

=&NO 


ou 





APPENDIX B 


FORTRAN PROGRAM FATIGUE 2 


FILE: FATIGUE2 FORTRAN Al NAVAL POSTGRADUATE SCHOOL 


Cc . 
. 2S FES 83-2 
C 
ic THES PROGRAM IS DESIGNED TO PROVIDE ONE STEP DATA PROCESSING ‘ 
c WHEN CONDUCTING RESEARCH IN THe AREA OF FATIGUE CRACK GROWTH RATE 
Cc ADDED T1393 THIS PROGRAM [1S THE DISPLAY SUB-PROGRPAM THAT WILL 
Cc PLOT ALL OATA ON THE TEXTRONIX PRUTER. 
Cc 
G P - LOAD (LBS) 
Cc AM(1) -— INITLAL CRACK LENGTH (IN) 
Cc N ~-= NUMBER SF CYCLES 
C AR ~- CRACK LENGTH RIGHE 
Cc AL =~ CRACK LENGTH LEFT 
Cc DELTA K = K 
Cc DASOUN ~—- INCHES/SCYCLE 
Cc w —- wIlOTH 
Cc 8 - THICHNESS 
< 
INFEGER DATE e SAMPLE 
DIMENSION AM( 1000) -OK( 1000) -+DADN(1000).N( 1000) -AK( 1000) .AM2( 1000) 
N(1) = 0 
PI> 3.14159 
B8= 020835 
W=> Led75 
Cc 
(a 
Cc 
READ(7.=) NATE.SAMPLE -ALLOY 
WRE TH (6251) DATE. SAMPLE -.ALLOY 
oe FURMAT( 3X. * DATE *-eLAeSX*SAMPLE NUMBER? -£15-5X%.* ALLOY © .F7e2e4) 
G 
G 
READ( 7.7) PMAX.PMIN. AM(1 ) 
ARITE( Ge 101 )OMAX,PMIN-AM(1) 
{O01 PO<MAT( 1 Xe * MAX LOADS® oF T7e2e* LES* e2Xe*MIN LOADS* -F7-2-* LBS? -2Xx 
s Se *INIF CRACK LENTG4* .FO6Se* INCH*.//) 
«i 
WRITE 5-112) 
112 FORIMAT(SX.* DELTA K (KSISSORT (CIN) )* -22Xe*DASON (CIN/CYCLE)*.47) 
c 
Cc 
Cc 
DP = PMAX — PMIN 
CO 200 [=2.e10090 
i150 READ( 7.) ARAL N( 1) 
IF( 4RP.60--1900) GO TO 250 
NPIJINT = I-1 
AM2Z2(1)=( (AR+t AL) 732-0) +AM( 1) 
AM([) = Amv( I) 7 2.90 
S IF (AMC IT) -AA(C T-1).GE.0-01 ) GOGO TO 150 
AKC IL) =H=(0P72) F(SERT( (RP L=AM(1T)) 70 (0 4%72.0) =COS(PLZ(AM( 1)7W))))) 
OK l-1)= AK(I)71000.0 
DAIN(C Tt) =CAMS(0 1) H-AM2 (00-1) ) SCFLOAT(N( 1) )-FLOAT(N(C I-1))) 
G TFC D4ON(C L-t)-L T7069) GDAON( T-1)=-1.0=DADN( I1~-1 ) 
WRITE (5e 120) 0K( 1-1) DADOIN( 1-1) 
120) FOIUMAT(IOXeF 1 2e3e23KXe ELS eel) 
C 
c 
Cc 
i 
Cc 
Cc 
Cc 
G 


200 CONTINUE 
c250 CONTINUE 
2930 CALL TEK6I8 
CALL RESET(*ALL®) 
CALL NOBROR 


Di 





aA NAA ANN 


GA 
CAEL 
aie 
GAZE 
eis ae 
GALL 
Gree 
GALu 
Get: 
GAGE 
Gant 
Sat 
CALL 
GAEL 
GALL 
CALL 
Gane 
CAL. 


2tOP. 


ENO 


9LQ0WUP (1.5) S 

PAGE (8%.S5e11.0) 

ARC AZO (620-345) 

XNAME(*DELTA K%e7) 

YNAME ( *OA/SONE. 5) 

HEADIN( * FATIGUE CRACK PROPAGATION BEHAVIOR 
FRAME a 

G2ne 1a. 0.10. «ene > OOCO001s 10.e= tent ) 
XREVIK 

YReVTK 

YLIG( 0.0 -5e022E-62-4) a 

XLGAXKS ( 2E-Ge 3eBe "DAZON’? e-D 20 Se) 

VGRAKG (46a e-— De Oe le Oe Se *DELTA K% yp —7e7n eOe) 
SMI OTH 

CURVE (OK -—DADN.NPUINT e-1) 

GRID (S410) 

ENOPLI9O) 

DONE PL 


De 


3SOOA 


» 


*.44.1.2.001) 





APPENDIX C 
FORTRAN PROGRAM RESULTS 
SAMPLE NUMBER 10 ALLOY 7075T6 
MAX LOAD: 1200 LBS MIN LOAD: 50 LBS INIT CRACK LENGTH .50 IN 


DELTA K KSIVIN DA/DN (IN/CYCLE) 
We Oy233 
eee 0.892 
(Powe eS 
7.69 0.351 
Le On 
Tee OURO 76 
Teo ee 
ee: 0.976 
S| 02608 
(Sas Ox on 
SS Ore ilicl sf 
oie 100) Oo 
Saye 0.600 
So B18, 
25S, OIE 5210. 
StL: Ol ala 
8.86 Ot eg 
S698 O2325 
9.06 Oa 20 
ee 0.976 
One! Oe 
35 8 Ome 
OO OB i ee 

WO. 13 0.651 
TO. 29 Oye7oul 
aoe. 0,625 
Ayo 2 OSS, 
ito 0 ORs 7, 
Melicanor 2 OF 106 
ee b 0.930 
6 eine ORs: 
12.94 OA 22> 
Saree: 0.169 
1S) Aoi 0.156 
Gh AION: Ona ee 
eee | Om aU 
e765 Ogee 
eric. 0.195 
eee OZ 2s: 
5 3 2226 
ne as a ORG eae! 
FAO Ssh 0.292 
Peo 7 0.260 
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SAMPL& NUMBER 11 Apia Oy Slo 
[eee LOAD: 1200 LBS MIN LOAD: 50 LBS INIT CRACK LENGTH .50 IN 


DELTA K KSIVIN DA/DN (IN/CYCLE) 
7.30 Cees 
(eS OR 51 
Gel3 Cie 
W528 Oe 
336, Ole 0.946 
8.23 One 
Sree Or One 
Sree re, Olean 
8.64 OR 220 
8.84 OA 
ois Os 0.868 
Seles: O97 
DDS Ose | 
9.46 On ied 
9.60 Os 102 
Sh (ors OSs 
ee Oe 

TO ceOis, Oe 
VOSS: 0.976 
10 Sos OR 205 
es 0.679 
[oe ie: 0.168 
ile S 06365 
seen OC ae 
ips Orne 
eflive dD OF les 
ie! Ose 
eer a Ono 
See O20 
ie / Oe2 42 
Wee Oe a6 
202 OF ZIG, 
ees: Om eS 
oe ks, OF Ae 
Roe 8 Fs os: 
18.40 Ome 
Wee OP a0) 2: 
ZA are OM od 
Zab (oll Oe | 
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SAMPLE NUMBER 14 ALLOY 7075T6 


MAX LOAD: 1200 LBS MIN LOAD: 50 LBS INIT CRACK LENGTH .43 IN 


DELTA K KSIVIN Day DN {IN Creie) 
Onio2 O26) 
6.68 Ose 
6.31 03622 
AO 0.275 
WON 0.169 
7.25 0.339 
ee Oe 2 
7.50 0.789 
FESO Ons 22 
Pee C7272 
Spal 0.568 
eee o 0.130 
8.33 0.390 
Se 00 0.428 
8. 78 0.236 
83.86 Oaks 
8.98 0.370 
9.19 OR u/Gie 
SIIB ES O S625 
9.69 O50) 
9.91 0.868 
9.98 Oe3i00 

Oran 0.318 
10629 Or we 
10.60 0.946 
1 One2 0.306 
Wie 5 OSC 
he var 0.689 
12.05 0.901 
eae 0.625 
ees 0.930 
13.37 0.600 
eco O37 0 
13.94 O39 
(Meas 0.156 
1520S 0.260 
15.65 0.804 
16.10 0.633 
Lise 2 0.162 
ieee? 0.558 
eee 0.260 
19.54 0.488 
2005), 0.588 
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SAMPLE NUMBER 15 ALLOY 7075T6 
MAX LOAD: 1200 LBS MIN LOAD: 50 LBS INIT CRACK LENGTH .46 IN 


DELTA K KSIYIN DA wien IN / ON CEE) 
OG Wk 0.939 
6.81 Oey. 
6.93 Oras / 
me OF 1:06 
reas, Oe 73 
vane 2 0.190 
Tao e Ones 
Woy Cees 
Bread, Oe 
So 3 0.478 
8.53 0.183 
8.79 Ceo 
9.41 Oho o's 
9.69 0.240 
9.98 Cor: 

| On 2 Chr) cla 
1) tes6: Coke 
Pozo 4 Or 8, 
On 92 OB) 2 
1) 225 O.4028 
11.96 ORS 2 
eae Os 
25 UA 0.101 
We Be Om 7 
oie 7 7 0.200 
13a Own / 
sO 0.868 
14.55 0.781 
deo 5 0.180 
155 oie Cree 
Mo 95 sea) 
16.58 0.208 
ee] Creal 
io. 03 GC. 1565 
eo, Cres 
ZO es) Ue2 ie 
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SAMPLE NUMBER 5 


MAX LOAD: 


DELTA 


ar a pees gun Ge eee apr eee ager eae ae gk pene pe pes es Wes epee et 
“OO 00 GO 2 OX ONL Un nt = a 0 a S| SS Sea ea ae 


COO LOO = 
Ox t= 50 


NO 
\O ~ 


1500 LBS 


K KSIVIN 


861 
a0) 
wie 
wo? 
Soh 
ad 
| 
ro 
we 
ok, 
a7 
SB 
Sy 
5162) 
ols 
+) 
nae 
5 
oo 
re 
US 
. 68 
a3) 
ae 
4 
5. 
1S) 
94 
<9) 
at 
sy 


MIN LOAD: 
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ples ate 


ALLOY 303A 


INIT CRACK LENGTH 


oe N 


DA/DN (IN/CYCLE) 


CS) GC (OS) @  ) @) @ ©) SC) 5. ee) Co an eG ae) 


ye Paa| 
DS, 
eo 
“| 
SSIES 
~S44 
oy 
»446 
eo 
Sohne 
Hoes 
Plone 
Oy 
13D 
site 
o142 
~744 
clon 
mae 8 
<a 
eek. 
Bane: 
ayy: 
eS 
267 
2205 
Bes roiy, 
a2 
one 
ee 
vole 





SAMPLE NUMBER 6 ALLOY 300A 
Ve OAD: 1150 LBS MIN LOAD: 50 LBS INIT CRACK LENGTH .48 IN 


DELTA K KSI/IN bay DNaC IN /CYOLE) 
oS 0. 316 
6.87 O23 72 
6.99 0.269 
Seale) O20 
(Po. 8 2926 
age 0.919 
oT Ome 
8.35 @223 
8.75 Ore 
9.00 0.329 
Oe Oe 
9.69 Che he6 

10.29 0.694 
io. 70 0.320 
ee oO Oe Fe 
Tel ke 02337 
fee 37 0.937 
700 Oey 
SAMPLE NUMBER 9 Lieve 2008 
MAX LOAD: 950 LBS MIN LOAD: 50 LBS INIT CRACK LENGTH .248 IN 

Piri K KSI/IN DA/DN (IN/CYCLE) 
52 0.621 
5.82 0.130 
6.02 0.156 
6. 32 O2768 
6.42 G2 Le 
6.52 0.625 
ome 0.120 
6.93 0.260 
TOWN Cee Gs 
7.25 Oeiles 
7.36 Oa 22 
ese 02223 
7.73 Oe eae 
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